Background Non-alcoholic fatty liver disease (NAFLD) is common in patients with inflammatory bowel disease (IBD). This study evaluated the prevalence of NAFLD and the associated risk factors among IBD patients who received anti-tumor necrosis factor (TNF) therapy.
Introduction
Non-alcoholic fatty liver disease (NAFLD) is more common in the western world [1] . In the general US population, the prevalence of NAFLD has been reported to be 19-46% [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . Risk factors for NAFLD include obesity, insulin resistance, diabetes mellitus, hypertension, and hypertriglyceridemia [14] . The spectrum of NAFLD is broad and ranges from benign macrovesicular steatosis to advanced steatohepatitis, cirrhosis, and liver cancer. NAFLD has become more commonly recognized among patients with inflammatory bowel disease (IBD). The prevalence of NAFLD in IBD patients has been reported to vary from 8-59%, depending on the diagnostic criteria used [15] [16] [17] [18] [19] [20] . IBD, which includes Crohn's disease (CD) and ulcerative colitis (UC), is a chronic inflammatory disease of the gastrointestinal tract with an estimated prevalence of 1-1.3 million in the US [21] . The pathogenesis of NAFLD among the IBD population is not well understood. Apart from metabolic syndrome, IBD-specific risk factors include malnutrition, intestinal inflammation, gut microbiota alteration, steroid exposure, and drug-induced hepatotoxicity, all of which may contribute to the pathogenesis of NAFLD [22] .
The effect of anti-tumor necrosis factor (TNF) therapy on NAFLD development in IBD patients remains unclear [15, 16] . The aim of this study was to evaluate the prevalence of NAFLD among IBD patients receiving anti-TNF therapy. Predictive factors associated with NAFLD among IBD patients were evaluated. The prevalence of steatohepatitis and hepatic fibrosis among IBD patients with NAFLD was assessed.
Patients and methods
The Institutional Review Board of Saint Luke's Hospital of Kansas City approved the data collection and methodology of this study. The study was performed in accordance with relevant guidelines. Informed consent was obtained from all participants. We conducted a cross-sectional study that included IBD patients, aged 18 years or older, who had been receiving anti-TNF therapy (infliximab, adalimumab, certolizumab, golimumab) through the Saint Luke's gastrointestinal specialist and Mid-America Gastrointestinal consultants ambulatory clinic for at least 6 months prior to study enrollment. Study questionnaires were completed and the following data were collected: age, body mass index (BMI), waist circumference, IBD history including disease activity, and risk factors for NAFLD (Supplementary Table 1 ). Blood samples were obtained for a comprehensive metabolic panel, viral hepatitis and iron studies (to exclude chronic viral hepatitis and hemochromatosis). Patients with a history of concurrent hepatitis B or C infection, elevated iron saturation >45%, excessive alcohol use (defined as >7 alcoholic drinks/ week in women or >14 alcoholic drinks/week in men) or recent steroid use within the past 6 months were excluded. Abdominal ultrasound examinations were completed and reviewed by a specialized abdominal radiologist (SA) for the presence or absence of hepatic steatosis. A non-alcoholic steatohepatitis (NASH) FibroSure (LabCorp, Burlington, NC) test was completed in those patients with evidence of hepatic steatosis on abdominal ultrasound to estimate the degree of inflammation and fibrosis.
Statistical analysis
The data were presented as mean±standard deviation for continuous variables and as a total percentage for categorical variables. Student' s t-test and chi-square tests were used in the unadjusted analysis. The prevalence of NAFLD was compared to that of the general US population, represented by a national database [1] . Assuming a prevalence of 30%, we required 80 patients to ensure that a 95% confidence interval (95%CI) estimate of the proportion of IBD patients with NAFLD is within 10% of the true population prevalence. The prevalence of hepatic steatosis, steatohepatitis and fibrosis was assessed by NASH FibroSure (LabCorp, Burlington, NC). To assess the predictive factors associated with the presence of NAFLD in IBD patients, a multivariate logistic regression model was used, adjusted for age, sex, weight, BMI, waist circumference, presence of diabetes mellitus, and transaminase levels. SPSS version 21.0 (IBM Corp, Armonk, NY) was used for all analyses.
Results

NAFLD prevalence in IBD patients receiving anti-TNF therapy
Eighty patients were enrolled, with a mean age of 42±15 years, predominantly male (55%) and with average BMI 26±5.7 kg/m 2 . Sixty-five patients (81%) had CD, with mean CD activity index (CDAI) 28±25, while 15 patients (19%) had UC, with mean simple clinical colitis activity index (SCCAI) 2±2.15 ( Table 1 ). The mean duration of IBD since diagnosis was 14±10 years and the mean duration of anti-TNF therapy was 5±4 years. The numbers of patients receiving adalimumab, infliximab, golimumab, and certolizumab therapy were 67 (84%), 10 (13%), 2 (2.5%), and 1 (1.3%), respectively. Abdominal ultrasound detected hepatic steatosis in 43 patients, giving a prevalence of NAFLD in these patients of 54%' significantly higher than that of the general US population, assuming a prevalence of 30% (P<0.001).
Univariate comparison of IBD patients with and without NAFLD
IBD patients with hepatic steatosis had a higher percentage of male sex (67% vs. 41%; P=0.02), with greater body weight (84±20 vs. 69±18 kg; P=0.001) and BMI (30±6 vs. 24±4 kg/m 2 ; P=0.001). Among patients with CD, those with NAFLD had a higher mean CDAI score (35±27 vs. 22±24; P=0.01). There was no difference between the NAFLD and non-NAFLD groups in age, type of IBD (CD vs. UC), duration of IBD, duration and type of anti-TNF therapy, type of concurrent IBD medications, waist circumference, presence of diabetes, transaminase levels, or SSCCI scores (in UC patients) ( Table 1 ).
Multivariate analysis of predictive factors for NAFLD
In the multivariate logistic regression model, age, sex, weight, BMI, waist circumference, presence of diabetes mellitus, and transaminase levels were included in the final model. An increase in CDAI score was associated with a 1.6 times higher likelihood of NAFLD development ( Table 2) .
Prevalence of NASH and hepatic fibrosis in IBD patients with NAFLD
In patients with hepatic steatosis detected on abdominal ultrasound, 31 of 43 patients (72%) completed a NASH Fibrosure test. Of these 31 patients, 21 (67%) had steatohepatitis, 19 (61%) had steatohepatitis, and 7 (22%) had hepatic fibrosis (16% with portal fibrosis, 3% with bridging fibrosis with few septa, and 3% with bridging fibrosis with many septa) (Fig. 1) . No cirrhosis was detected based on NASH Fibrosure or abdominal ultrasound.
Discussion
Because of the obesity epidemic and the increasing prevalence of metabolic syndrome, the global prevalence of NAFLD has been rising to an estimated level of 24% [1] . In the general US population, the reported sonographic and biopsy-proven prevalences of NAFLD were 19-34% and 34-46%, respectively [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] .
The prevalence of NAFLD in IBD patients has been reported to vary from 8-59%, depending on the diagnostic criteria used [15] [16] [17] [18] [19] [20] . In one study, 108 of 321 IBD patients (34%) were diagnosed with NAFLD based on the hepatic steatosis index, with a reported annual incidence of 9.1% [15] . However, a serology-based diagnosis of NAFLD can lead to underreporting of its true prevalence. Ultrasonography is a widely accessible imaging technique for the detection of hepatic steatosis, with high sensitivity (85%, 95%CI 79.5-88.9%), specificity (94%, 95%CI 87.2-97%) and positive likelihood ratio (13.3, 95%CI 6.4-27.6) compared to histology [23] . The sonographic prevalence of hepatic steatosis was 26-40% in CD and 26-36% in UC patients without obesity, metabolic disorders, or underlying chronic hepatitis [18] . Another retrospective study reported only 76 of 928 (8%) IBD patients had evidence of NAFLD based on various types of imaging studies [16] . Histological diagnosis is the gold standard, but it is invasive, as a tissue specimen is needed for the diagnosis. Fifty-nine percent of IBD patients were found to have at least grade-1 hepatic steatosis on liver histology (from liver biopsy, resection, or autopsy) [17] . In our study, the prevalence of NAFLD in IBD patients who had received anti-TNF therapy for a minimum of 6 months without steroid exposure was 54%, based on abdominal ultrasound. Among IBD patients, 20-30% of children and 18% of adults are obese and the prevalence is rising [24] ; 38% of adults with IBD were overweight [25] . Hypertension, obesity and metabolic syndrome were reportedly associated with the presence of NAFLD in IBD patients [16, 19] . In our crosssectional cohort, patients with NAFLD had higher body weight and BMI. There was no difference in waist circumference or the presence of diabetes.
Several studies have suggested that the duration of IBD is associated with the development of NAFLD [15, 26] . Patients with a longer disease duration are potentially exposed to multiple risk factors associated with NAFLD, including chronic inflammation, intestinal permeability, alteration of gut microbiota, metabolic comorbidities, and hepatotoxic drugs [15] . In our study, in which the patients' mean IBD duration was 14±10 years, we did not detect any association between IBD duration and NAFLD.
A retrospective study of 321 IBD patients reported disease activity associated with NAFLD detected by the hepatic steatosis index as having a hazard ratio of 1.58 (95%CI 1-08-2.33; P=0.02) [15] . The IBD disease severity was found to be associated with elevated hepatic fat content detected on ultrasonography [27] . Another study in patients with UC reported that liver fat content might be associated with UC severity score [28] . Prior small bowel surgery, which implicitly reflects the IBD disease severity, has also been associated with NAFLD [15] . In contrast, some studies reported no such association between NAFLD and IBD status, disease activity or drugs [19, 29] . In our study, the CDAI, but not the SSCCI, was found to be associated with the development of NAFLD. The multivariate logistic regression analysis showed that a high CDAI score was independently associated with a 1.6 times higher likelihood of NAFLD development. We did not detect any association between treatment duration, type of biologic therapy or concurrent IBD medication with NAFLD (Table 1) .
Proinflammatory cytokines such as interleukins, TNF-α and adhesion factors, contribute to chronic inflammation and IBD exacerbation, which also have hepatic effects. TNF-α is able to trigger stellate cell activation, matrix gene expression and remodeling, important events during the onset of steatohepatitis [30] . In an experimental rat model, TNF inhibition reduced hepatic fat content, inflammation, necrosis and fibrosis, and improved insulin signal transduction in treated animals compared with placebo [31, 32] . Pentoxifylline (PTX) inhibits a number of proinflammatory cytokines, including TNF-α. PTX has been studied in a NASH population and achieved an improvement in NASH histological features compared to placebo [33] . A meta-analysis showed that PTX reduced aspartate aminotransferase and alanine aminotransferase levels and improves histological scores in patients with NAFLD and NASH, but did not affect cytokines [34] . Anti-TNF therapy has become more commonly used in IBD patients. Bessisow et al demonstrated that anti-TNF therapy was not associated with NAFLD in IBD patients [15] . In contrast, Sourianarayanane et al suggested that anti-TNF was protective against NAFLD [16] . However, these results should be interpreted cautiously, as the study included patients concurrently using steroids. Another meta-analysis showed that the pooled odds ratio [OR] for NAFLD in IBD patients using a biologic agent was 0.85 (95%CI 0.49-1.46) [35] . Another study reported that ongoing anti-TNF therapy was an independent protective factor against transaminase abnormalities (OR 0.15, 95%CI, 0-0.8; P=0.02) [27] . In our study, 54% of IBD patients who had received anti-TNF therapy for a mean duration of 5±4 years developed hepatic steatosis based on abdominal ultrasound. Hence, there may be factors other than the cytokine-mediated pathway that contribute to the pathogenesis of NAFLD in the IBD population. The annual incidence of advanced liver fibrosis among IBD patients was 0.5% (0.2-1.1) detected by FIB-4 score [15] ; 6.4% of IBD patients had elevated liver stiffness measurements (>8 kPa) detected by transient elastography and 3 patients (2.7%) had persistently elevated liver stiffness (>8 kPa) 6 months later [36] . The NASH FibroSure test (LabCorp, Burlington, NC) is a noninvasive assessment of hepatic steatosis, with a sensitivity and specificity of 46-90% and 54-88%, respectively, in the detection of hepatic steatosis and a positive predictive value of 46-63% [37] . The test performed better in the detection of steatohepatitis (sensitivity 30-88%, specificity 50-94%, positive predictive value 66-74%). The sensitivity and specificity in detecting advanced hepatic fibrosis were 25-92% and 71-97%, respectively, with a positive predictive value of 33-60% [38, 39] .
In our study, NASH FibroSure was applied only in patients who had hepatic steatosis based on abdominal ultrasound: 61% of the patients had hepatic steatosis (55% probable and 6% definite), while 22% of patients had hepatic fibrosis (6% with bridging fibrosis) (Fig. 1) . None of our patients was diagnosed with cirrhosis.
The limitations of our study are that it was a cross-sectional cohort study, without a control population to evaluate the predictive factors associated with the development or progression 
Summary Box
What is already known:
• Risk factors for non-alcoholic fatty liver disease (NAFLD) include obesity, insulin resistance, diabetes mellitus, hypertension, and hypertriglyceridemia • The prevalence of NAFLD in patients with inflammatory bowel disease (IBD) reportedly varies from 8-59%, depending on the diagnostic criteria • There are conflicting data regarding the effect of anti-tumor necrosis factor (TNF) therapy on NAFLD prevalence among IBD populations
What the new findings are:
• The presence of IBD is strongly associated with NAFLD • We identified a high prevalence of NAFLD among IBD patients receiving anti-TNF therapy • There are probably IBD-associated factors that contribute to the pathogenesis of NAFLD among IBD population, but further studies are still needed of NAFLD. Given our limited resources, we did not collect C-reactive protein, fecal calprotectin or serum TNF drug levels. Furthermore, our patients were receiving anti-TNF therapy and their IBD activity was well controlled. Thus, the NAFLD prevalence yielded by our study will not apply to IBD patients with uncontrolled IBD, or to those who are not receiving anti-TNF therapy or are actively on steroids. Furthermore, the sample size was too small to perform subgroup analysis for CD and UC separately. Although the prevalence of fatty liver is known to be elevated among IBD populations, additional studies are still needed to establish the benefit of NAFLD screening, risk factors associated with NAFLD development and predictive factors associated with NAFLD progression among IBD populations.
In conclusion, the presence of IBD strongly associated with NAFLD. Our cross-sectional study identified a high prevalence of NAFLD among IBD patients receiving anti-TNF therapy. As to whether IBD disease activity is associated with NAFLD, the data are conflicting. Our study results showed that CD severity, but not UC disease severity, was independently associated with hepatic steatosis. These data suggest that, apart from changes in the prevalence of metabolic disease, there are IBD-associated factors that contribute to the pathogenesis of NAFLD among IBD population. However, further studies are still needed.
